Mapping the folding pathway of the transmembrane protein DsbB by protein engineering.
The four-helical transmembrane protein DsbB (disulfide bond reducing protein B) folds and unfolds reversibly in mixed anionic/non-ionic micelles, consisting of an unfolding intermediate I and a rate-limiting transition state (TS) between I and the denatured state D. Here, I describe the analysis of the folding behavior of 12 different alanine-scanning mutants of DsbB. For all mutants, TS is as compact as D and there is an accelerating increase in compaction as the protein proceeds to I and the native state. This unusual pattern of consolidation may reflect significant amounts of secondary structure in D, analogous to a classical folding intermediate. Unexpectedly, an increase in apolar surface area upon mutation is stabilizing whereas an increase in polar surface area is destabilizing. This effect is probably dominated by the effect of the mutations on the structure of the denatured state. I observe clear Hammond postulate behavior, in which a destabilization of I moves it closer to D. Φ-Value analysis indicates that in TS, a folding nucleus consisting of two to three residues with Φ-values of > 0.5 forms at one end of the transmembrane helices, which expands to include residues closer to the middle of the protein in I. Thus, folding proceeds from a highly polarized starting point.